Abstract: Several sub-Antarctic penguin populations have exhibited decreasing trends in the last 5-20 years. At Iles Kerguelen, the gentoo penguin (Pygoscelis papua) has decreased by approximately 30% over the last 15 years. This decrease is likely to be related to reduced food availability for this coastal species. We discuss this decrease with regard to the impact of overfishing and to the potential effects of climate changes on marine food webs.
Introduction
Over the past 50 years, the Southern Ocean has undergone a warming trend (Gille 2002) , and recent studies have highlighted profound functional modifications in many systems leading to a probable major ecosystem shift (Reid & Croxall 2001 . The regional impact of these climate changes remains poorly documented, but in the last 5-20 years all the monitored penguin populations, except for the king penguin (Aptenodytes patagonicus Miller), seem to be decreasing in the sub-Antarctic area (Woehler et al. 2001 , Delord et al. 2004 . In this context, there is an urgent need for additional data concerning the population trends of sub-Antarctic penguins within their major breeding grounds.
As the sensitivity to climate increases with increasing trophic level (Voigt et al. 2003) , marine top predators may be viewed as reliable indicators of the state of their biological and physical environments (Bost & Le Maho 1993) . Until now, most monitoring studies have focussed on pelagic seabirds, few being dedicated to coastal species. Since species respond individually to climate change (Voigt et al. 2003) , it is unlikely that all seabird species will exhibit trends similar to those of pelagic seabird populations. Moreover, due to their restricted foraging range, coastal seabirds are very dependent on local resources and any regional change would have a greater impact on these birds as they would not be able to reach other favourable areas.
Gentoo penguins (Pygoscelis papua Forster) are coastal inshore foragers. Data from South Georgia, Marion and the Falkland Islands suggest a recent and unexplained decrease over the last 5 to 20 years (reviewed in Woehler et al. 2001) . At present, nothing is known about the status of gentoo penguins at Iles Kerguelen (48°45'-50°00'S, 68°45' -70°58'E), one of its three major breeding grounds (Woehler 1993) . The aim of this paper is to give the first multi-year censuses of gentoo penguins at Iles Kerguelen and discuss possible reasons for the observed changes.
Methods
Population censuses were carried out on the coast of the Courbet Peninsula, Iles Kerguelen in 1987 Kerguelen in , 2002 Kerguelen in and 2004 during the breeding season, by two observers. During the colony occupation peak (28 September-12 October in 1987 , 13-26 October in 2002 , 11-24 October in 2004 , colonies were visited once and the number of occupied nests was taken as the number of breeding pairs. As the number and location of colonies of gentoo penguins vary from year to year, counts were grouped in four geographical areas along the coast (Fig. 1) . Two colonies (Pointe Guite and Pointe Suzanne) were not counted in 2004 for logistical reasons, and were subsequently considered separately in analyses. During 1987 and 2002, the breeding success of gentoo penguins was assessed for two colonies, by dividing the number of chicks at fledging produced by the colony by the number of incubating pairs. For both colonies, chicks were directly counted prior to their departure to sea (26 November-18 January in 1987, 1-7 December in 2002).
Results
There was a strong decrease in the gentoo penguin breeding population on the eastern part of Iles Kerguelen between 1987 and 2004. In 1987 there were 7907 breeding pairs in 48 colonies on the Courbet Peninsula (Table I) 
Discussion
Our study showed a dramatic decrease of numbers of gentoo penguins breeding at Iles Kerguelen during the last 15 years. Our censuses covered only part of the archipelago but the Courbet Peninsula is representative of the entire archipelago as about one third of the Kerguelen population breed in this area (Weimerskirch et al. 1989 ) and this region corresponds to 15% of the archipelago's surface area. The decrease of this population seems to be part of a more general decrease at sub-Antarctic breeding localities (Woehler et al. 2001) . Over the last 10-20 years substantial decreases have been reported at almost all the other breeding localities of the south Indian Ocean, i.e. Marion and Prince Edward Islands (Cooper 2003) , Iles Crozet (Bost, unpublished data) and Heard Island (Woehler in press), as well as at South Georgia (Woehler et al. 2001 , CBSG 2004 ) and the Falkland Islands (Bingham 1998 , Woehler et al. 2001 . The only sub-Antarctic exception might occur at Macquarie Island, where a suggested increase needs confirming (Ellis et al. 1998) .
Numerous factors may regulate the number of breeding seabirds, the most important being food (Furness & Birkhead 1984) and nesting site availability (Ainley & Boekelheide 1990 ). Other regulating processes, such as predation or possible disturbance caused by human activities may also influence population dynamics on a smaller scale (Micol & Jouventin 2001) . At Kerguelen, the two major colonies where scientific studies took place from 1987-2004 did not suffer decreases recorded elsewhere on the archipelago (from 330 to 297 pairs at the Pointe Guite colony and from 690 to 633 pairs at the Estacade colony in 1987 and 2002 respectively). Further, the population of the colonies close to the scientific base of Port-Aux-Français more than doubled between 1987 and 2004 (50-124 pairs), suggesting that station and scientific activities were unlikely to have influenced numbers during the study period. It is also unlikely that increased predation contributed to the population decrease. Penguin feathers were rarely recorded in the scats of Kerguelen fur seals (Arctocephalus tropicalis (Grey)) (Lea et al. 2002) , suggesting they are not a target prey species. Gentoo penguin populations appear stable in the northern part of Courbet Peninsula, where large populations of fur seals are located. Predation by brown skuas (Catharacta lönnbergi Matthews) or giant petrels (Macronectes spp), is mainly directed towards chicks (Hunter & Brooke 1992 , Phillips et al. 2004 . Consequently, we would expect lower breeding success if predation had increased between surveys. However, we recorded higher breeding success in 2002 than in 1987, rejecting this hypothesis.
The most likely hypothesis to explain the 30% decrease of the gentoo penguin at Iles Kerguelen would be a decrease in food availability. As gentoo penguins forage close to their breeding grounds (Lescroël & Bost 2005) , the different trends between sectors might be explained by a differential variation of local prey availability. Prey availability may be influenced either by competitors, fisheries or by environmental parameters. At Kerguelen, the only increasing species, antarctic fur seals and king penguins (Guinet et al. 1996 , Chamaillé-Jammes et al. 2000 , feed mainly on mesopelagic fishes of the family Myctophidae (Lea et al. 2002) whereas gentoo penguins feed mainly on crustaceans and benthic fishes (Lescroël et al. 2004) . However, fur seals also feed on the mackerel icefish Champsocephalus gunnari Lönnberg (Lea et al. 2002) , a dominant prey item in the diet of the gentoo penguin on the east of Courbet Peninsula (Lescroël et al. 2004) . Icefish accounted for 18% by mass of the fur seal diet in 1998 but was no more present in the diet in 1999 and 2000 (Lea et al. 2002) . Icefish was also the target of commercial fisheries in the Kerguelen region and its exploitation stopped after 1995 due to stock depletion (G. Duhamel, personal communication 2002) . Since icefish represented about 40% by mass of the gentoo penguin diet during winter in 1987 (Lescroël et al. 2004 ), a depletion of icefish populations on the Kerguelen shelf may be implicated in the decrease of the eastern population of gentoo penguins. Food availability may also be affected by long-term climate changes. The Indian Ocean sector of the Southern Ocean has been affected by increases in surface air and ocean temperatures during the 1970s (Levitus et al. 2000 , Gille 2002 , leading to a decline in chlorophyll a and zooplankton concentrations (Hunt et al. 2001) . Recently, several authors published evidence for a major regime shift suggested to have occurred during the late 1980s over all the Southern Ocean sectors (Reid & Croxall 2001 , Ainley et al. 2005 . Since 1987, strong warm anomalies have been recorded more often in the Kerguelen zone, affecting population abundance or performances of several top predators , Guinet et al. 1998 , Lea et al. 2002 . At Marion and Prince Edward Islands, the decrease in the gentoo penguin population is supposed to have resulted from a reduced availability of food since the mid 1980s that may have resulted from altered environmental conditions, i.e. increased annual mean surface air and sea surface temperatures (Cooper 2003) . Thus, given the regional-scale trend in sub-Antarctic populations of gentoo penguins, regional climatic changes are likely to have contributed to decrease prey availability and to affect gentoo penguin populations. However, at Kerguelen, additional censuses in subsequent years and demographic studies are clearly needed to determine whether the observed decrease is part of a long-term trend or circumstantial fluctuations.
